The proportion of women at the rank of full professor in US medical schools has not increased since 1980 and remains below that of men. Whether differences in age, experience, specialty, and research productivity between sexes explain persistent disparities in faculty rank has not been studied.
Previous studies of sex differences in academic rank have several limitations, including analyses of single institutions or specialties, limited survey sizes, use of publications as the sole marker of productivity, and noncontemporary data. [6] [7] [8] [9] [10] [11] [12] [13] Data from the Association of American Medical Colleges (AAMC) have provided the most comprehensive evidence of sex differences in faculty rank. 14 However, to our knowledge, no published work has linked these data to information on physician training, specialty, experience, research funding, clinical trial participation, and scientific authorship, all of which influence faculty rank and may vary by sex. 9 We analyzed sex differences in faculty rank using a comprehensive cross-sectional database of 91 073 physicians in the United States in 2014, which included detailed information on sex, age, years since residency completion, specialty, scientific authorship, National Institutes of Health (NIH) research funding, and clinical trial participation. We hypothesized that sex differences in faculty rank may still exist after adjustment for these factors.
Methods

Data Sources
We analyzed data from Doximity, a company that provides online networking services for US physicians. The company has assembled a comprehensive cross-sectional database of US physicians, which included 1 005 419 physicians as of November 10, 2014 (the date we were provided the data). The database draws on several sources of information to identify physicians, including the National Plan and Provider Enumeration System (NPPES) National Provider Identifier (NPI) Registry, self-registered members without active NPIs (ie, physicians with medical degrees who have not practiced), and physicians without NPIs who are employed by collaborating institutions that provide information to the company (eg, researchers or administrators who have not practiced, and therefore do not have an NPI, but work at an institution that provides information on its employees of alumni of the company, or both). Physicians can register with the company and use its services for free. As of November 10, 2014, 23.8% of US physicians (239 136 of 1 005 419) were registered members.
For each physician, data were assembled by the company on (1) any faculty appointment at a US medical school and faculty rank (assistant, associate, or full professor), obtained by matching name and institution to the AAMC faculty roster database, (2) physician age, sex, year of residency completion, and specialty, obtained through data partnerships, including the American Board of Medical Specialties, state licensing boards, and collaborating hospitals and medical schools, and by methods described below, (3) number of authored scientific publications indexed in PubMed (first author, last author, and total publications), (4) number of NIH grants for which the physician was a principal investigator, obtained from the NIH RePORT database, and (5) number of registered clinical trials for which the physician was a principal or subinvestigator, obtained from ClinicalTrials.gov.
Physician data on publications, grants, and clinical trials have been iteratively populated in the database as follows. For all physicians, a matching algorithm was first used based on first and last name (including maiden name), geographic location, specialty, and institutional affiliation to search through PubMed, NIH RePORT, and ClinicalTrials.gov. For registered members, that information can be edited in profiles, and information in our database for these members was based on that self-verified information. For some nonregistered physicians, additional information supplied by institutions has been used to improve findings of the matching algorithm. For example, nonregistered physicians may be employed by institutions with collaborative sharing agreements with the company. These institutions provide resumes from which information is extracted to refine the database. For other nonregistered physicians, database refinements are further made based on the company's review of institutional websites that contain information on physicians. Finally, for nonregistered physicians for which no further information exists, data were based only on the initial matching algorithm used.
Study Population
The study population included physician faculty in the 2014 AAMC faculty roster. A list of these physicians was obtained and matched with information available for each of these physicians in our database. Data were approved for study and participant consent was waived by the human subjects review committee at Harvard Medical School.
Data Validity
We assessed data validity in 2 ways. First, we analyzed the subgroup of faculty who were registered members, assuming that their data were more likely to be accurate. We compared this subgroup to the subgroup of nonmember physicians. Second, for a random sample of 200 faculty, we manually confirmed faculty rank (through review of institutional websites); publications in PubMed (using, where possible, direct links to PubMed from the physician's institutional website, review of online resumes, and assessment of whether ambiguous articles were in the author's clinical discipline or from prior institutions with which the author was affiliated); clinical trial participation through manual review of ClinicalTrials.gov; and NIH funding through manual review of NIH RePORT database.
Statistical Analysis
Differences between men and women in age, experience, specialty, medical school research ranking, and academic productivity may confound sex differences in faculty rank. We therefore created a multilevel (hierarchical) multivariable logistic model to estimate the probability of full professorship as a function of sex, age, years since residency completion, specialty, number of publications (first author, last author, and total), NIH grants (binary variable indicating whether or not a physician was ever a principal investigator on an NIH grant), clinical trial participation (binary), and employment at a medical school ranked among the top 20 US medical schools for research by US News & World Report in 2013 (binary). Our model included school-level random effects parameters to allow for correlated outcomes among faculty nested within each school. In prespecified subgroup analyses, we analyzed whether sex differences in full professorship varied according to specialty and medical school research ranking (top-20 vs not). We reported the absolute adjusted difference between men and women in the proportion that had full-professor status. The 95% confidence interval around reported estimates reflects 0.025 in each tail or P ≤ .05.
The primary analysis was of sex differences in full professorship among faculty of all ranks. We also analyzed sex differences in associate or full professorship (combined outcome) compared with assistant professorship, as well as sex differences in full professorship compared to associate professorship (with sample including associate and full professors).
We assessed the importance of missing data by first comparing the characteristics of physicians for whom data were missing vs nonmissing. We then conducted our primary multivariable analysis excluding physicians for whom data were missing. In addition, we created 10 independent data sets in which missing data for a given physician were imputed on the basis of all other nonmissing covariates from our multivariable model (eg, physician age, sex, specialty, publications, etc). 15 We used standard methods to combine analysis results of sex differences in full professorship across the imputed data sets. 16 
Sensitivity Analyses
We conducted several sensitivity analyses. First, to evaluate data inaccuracies, we estimated our primary hierarchical multivariable model of faculty rank among registered physician members as well as among nonmembers. Second, because we lacked information on career track (clinical vs research) and full-or part-time status, both of which could confound sex differences in faculty rank, 17 we investigated sex differences in faculty rank among faculty with NIH funding, who presumably were more likely on full-time research tracks. Stata statistical software, version 13 (StataCorp) was used for analyses.
Results
Characteristics of Study Population
The study population consisted of 91 073 physician faculty members (9 ; difference, 0.9%; 95% CI, 0.7% to 1.1%). Women had fewer total and first-or last-author publications (mean total, 11.6 vs 24.8, difference, −13.2; 95% CI, −13.6 to −12.7; mean first-or last-author publication; 5.9 vs 13.7; difference, −7.8; 95% CI, −8.1 to -7.5), were less likely to have NIH funding (6.8% vs 10.3%, difference, −3.5%; 95% CI, −3.9% to −3.1%), and were less likely to have conducted clinical trials (6.4% vs 8.8%; difference, −2.4%, 95% CI, −2.8% to −2.0%).
Among 3 residency cohorts (1980, 1990, and 2000) , women were less likely to be full professor, or associate or full professor (combined outcome), by 2014 ( Table 2 ). For example, among 230 women who completed residency in 1980 and were on faculty in 2014, 46.6% were full professors compared with 60.5% among the 1089 men who finished residency in 1980 (P < .001). In addition, among faculty who were either associate or full professor in 2014, the proportion of women who were full professor was lower than it was for men for all cohorts. For example, among 398 female and 945 male associate or full professors in the 1990 cohort, 171 women (42.3%) were full professor in 2014 compared with 540 men (57.1%), P < .001.
Multivariable Analysis
After adjustment for age, years since residency, scientific authorship, NIH funding, and clinical trial participation, women were less likely than men to be full professors (absolute adjusted difference in proportion, −3.8%; 95% CI, −4.4% to −3.3%; Table 3 ). Full professorship was positively associated with years since residency, total and first-or last-author publications, NIH funding, and clinical trial leadership. Full professorship was not significantly different between highly ranked research institutions and other schools.
Sex differences in the proportions of faculty who were associate or full professor compared with assistant professor also persisted after adjustment. Women were less likely to be associate or full professors (adjusted difference, −2.8%; 95% CI, −3.4% to −2.2%; P < .001). In a subgroup that included associate and full professors, women were less likely than men to be full professor (adjusted difference, −6.2%; 95% CI, −7.2% to −5.1%; P < .001).
Sex Differences in Full Professorship by Specialty
Sex differences in full professorship were present across specialties ( Table 4 ). In internal medicine and pediatrics, specialties with the largest percentages of women, the absolute adjusted sex differences in full professorship were −3.9% (95% CI, −5.3% to −2.5%) and −4.0% (95% CI, −5.2% to −2.9%), respectively. The only specialties without statistically signifi-
Sex Differences in Full Professorship by School Research Ranking
Full professorship was more common overall at medical schools ranked highly in research than at other schools (Table 4 ). Sex differences in full professorship did not vary according to research ranking (adjusted difference, −4.5%; 95% 
Sensitivity Analyses
Data for years since residency were missing for 6669 of 91 073 physicians (7.0%). Because data on publications, NIH funding, and clinical trials were from either validated physician profiles or a matching algorithm, data were not classifiable as missing in the traditional sense although it is possible that errors in self-report or attribution could have occurred, as addressed below. Data were not missing for other physician characteristics, including age, sex, and specialty. In multivariable analysis, physicians with missing data on years since residency were excluded because their characteristics were comparable with physicians for whom data were not missing (eTable 1 in the Supplement). Absolute adjusted sex difference in full professorship between men and women were unchanged when using imputation methods to address missing data. In a random sample of 200 physicians (81 members and 119 nonmembers; 124 men and 76 women), faculty rank was validated in all cases; the percentage of physicians with a number of PubMed publications within 5 of that reported in the database was 85%; the percentage with prior clinical trial participation matching that reported was 97%; and the percentage with prior NIH funding matching that reported was 93%. In all categories, errors did not systematically differ by sex.
Adjusted sex differences in full professorship were noted among physicians for whom information was self-validated, ie, registered members (adjusted difference in proportion who were full professor between women and men, −3.5%; 95% CI, −4.4% to −2.6%), as well nonmembers (adjusted difference, −4.0%; 95% CI, −4.7% to −3.4%; eTables 2 and 3 in the Supplement). Finally, among the 13 225 faculty members with NIH funding, adjusted sex differences in full professorship were noted among these physicians as well (adjusted difference in proportion full professor between women and men, −2.8%; 95% CI, −4.3% to −1.4%; eTable 4 in Supplement).
Discussion
We examined sex differences in full professorship status among physician faculty at US medical schools using one of the most comprehensive databases of physicians to date. Even after adjustment for age, years since residency, specialty, and measures of research productivity, men were substantially more likely than women to be full professors. Sex differences in full professorship were present across nearly all specialties and were consistent across medical schools with highly and less highly ranked research programs. These findings are consistent with a seminal 1995 study of US medical school faculty that found that after adjustment for research productivity, women were less likely than men to be full professors. 9 One might expect sex differences in full professorship to be greater at institutions highly ranked in research. Female physician-researchers earn less than males, particularly at topranked, research-intensive institutions. 5 Furthermore, teaching hospitals have fewer female chief executive officers than community hospitals and women comprise a small minority of deans and department chairs at top academic medical centers. 18, 19 However, we found that women were equally likely to be full professors at medical schools with highly and less highly ranked research apparatuses. Although we primarily focused on sex differences in full professorship among faculty overall, we also found that women were less likely than men to hold the rank of associate or full professor (a combined outcome) than to hold the rank of assistant professor and that women were less likely to hold the rank of full professor than hold the rank of associate professor. These findings do not necessarily imply sex differences in promotion at the assistant-or associateprofessor level because the prevalence of a given faculty rank at any point in time reflects both promotion to that rank and exit (eg, as individuals retire after full professorship). However, if sex differences in promotion do exist, disparities at different levels of the academic hierarchy may have different origins and drivers and distinct interventions may be necessary to mitigate them. For example, lower rates of promotion to associate professorship among women, if present, may stem from differences in choice of career track. Women may more often enter clinical tracks, which promote more slowly than research tracks. Potential interventions to address these barriers to promotion include greater investment in early research career development for women and modifying the promotions process in nonresearch career tracks. Alleviating sex differences in promotion from associate to full professor may require a distinct set of strategies.
A number of explanations have been advanced to explain sex differences in faculty rank, [7] [8] [9] [20] [21] [22] [23] [24] including explanations for why women faculty have lower average research productivity than men, 24 which may impede promotion, and explanations for why, even after accounting for research productivity, women are less likely than men to be full professors. 9 Differential household responsibilities, 22, 25, 26 childrearing, and different preferences on work-life balance 27, 28 may contribute to sex differences in full professorship primarily by reducing research productivity but should have little independent effect on faculty rank once measures of productivity are accounted for. In contrast, women may face difficulties finding effective mentors and receiving recognition from senior colleagues, 7, 20, 21, 29 workplace discrimination, and inequitable allocation of institutional resources. 5, [30] [31] [32] [33] These challenges may adversely affect research productivity and may also explain why even after adjusting for research productivity, women are still less likely than men to be full professors. 9 Our study had several limitations. First, the database did not include information on faculty track, which could confound sex differences in full professorship if women are more likely to enter nonresearch tracks in which full professorship is less common. Having information on job track would be helpful not only for interpreting our estimates but also for informing the design of policies to reduce sex differences in faculty rank. For example, if men and women are equally productive in research and funding, but higher proportions of women choose to pursue clinician educator activities, sex disparities in faculty rank could be partially alleviated by changing how promotion committees weigh the work of clinician educators. We partially addressed this issue by demonstrating that even among faculty with NIH funding, who are presumably more likely to be on research tracks, sex differences in full professorship exist. A similar limitation would arise if women were more likely to choose part-time work and therefore choose not to pursue academic advancement. Although lack of information on part-time status is an important unmeasured confounder, it is unlikely that the subgroup of NIH-funded principal investigators consists of men or women in part-time academic positions. Second, our study was cross-sectional and could not identify sex differences in promotion. Our study identified sex differences in the prevalence of specific faculty rank at a given point in time, which reflects both promotion to and exit from that rank. Longitudinal data are needed for studying promotion trends.
Third, we relied on externally developed algorithms to match physicians to databases containing information on publications, NIH funding, and clinical trial investigation, a process that may entail errors. For example, in our own audit, publication information in our database was only about 85% accurate compared with a manual review of PubMed. If measurement errors are correlated with physician sex, these inaccuracies could bias estimated sex differences in full professorship. For example, women who change their surname after marriage may not have appropriate research attributed to them. In this specific example, estimated sex differences in full professorship would understate the disparity, since the estimates would not fully capture the research productivity of these women. However, the matching algorithm also incorporated information on maiden name reported by physicians to the NPPES. Moreover, we conducted sensitivity analyses designed to directly address this concern and found sex differences in full professorship among registered members who presumably verified their profile information. In addition, in an analysis of 200 physicians, error rates in attributed publications, NIH funding, and clinical trial participation did not vary by sex, which suggests that our findings should not be biased by measurement error.
Fourth, our measures of research productivity are not exhaustive of other unmeasured considerations important to faculty rank, such as teaching, awards, committee service, and presentations. Unmeasured sex differences in these achievements could confound our estimates. For example, in our subgroup analysis of NIH investigators, sex differences in full professorship moved closer to the null, which raises the possibility that unmeasured residual confounding (in this case, absence of information on job track) could explain observed sex differences. More generally, residual confounding may be possible because of several significant differences between men and women (eg, age differences) that may not be entirely overcome with statistical adjustment.
Finally, our analysis focused on sex differences in academic rank, and did not account for other leadership roles, including residency or fellowship directorship, or other administrative positions.
Conclusions
Among physicians with faculty appointments at US medical schools, there were sex differences in academic faculty rank, with women substantially less likely than men to be full professors, after accounting for age, experience, specialty, and measures of research productivity.
